In order to serve the purpose of the study, two different mathematical models which belong to production line to were developed to assign workforces to the jobs who have different skills. The assignment model had been examined on a product that produced in a specified welding line in the automotive industry. All labor levels related to the product were analyzed by time study firstly and then the collected data were analyzed. New skill levels of workers, skill matrix were determined according to skill requirements (min. and max.) of the jobs. All collected data which come from time studies and skill matrix were used as an input parameter in the mathematical model that aim to minimize the unit production cost. Reports of mathematical models showed that it is necessary to assign right skilled worker to the job to minimize the production cost and increase the efficiency online. In this case the implementation was made by selecting a product in the welding manufacturing line. In the line, there are 5 stations that have 14 jobs and 27 operators. A modeling has been carried out in which the operators can be assigned to jobs under optimum conditions, based on assignment criterias. Models of sensitivity analyzes and statistic report results obtained the importance of the differences in the level of competence and the effect on the duration of the job as well as the decrease in the labor costs by assigning the correct workforce to the right job and by assigning right conditions to the model. © 2019, Advanced Researches and Engineering Journal (IAREJ) and the Author(s).
Introduction
The first developments in Operations Research emerged during World War II regarding the need for defense. The studies that started in those years with the aim of optimization have progressed to the present day. In 1947, the Simplex Optimization method was found by George Dantzig and the simplex algorithm led to improvements in linear programming [1, 2] . Although assignment problems are seen as a special type of transportation problems, they are also encountered as the most common type in linear programming models in operations research. The assignment problem, which is the common type of transportation problems, was first brought forward by Frank L Hitchcock in 1941 [3] . As a result of finding of the Simplex algorithm by Dantzing, modeling of transportation and assignment problems by linear programming and solving them by simplex algorithm have been also realized [2] . In the assignment problems, there are (a-amount of) tasks and (b-amount of) resources; the assignment is made to the tasks (a) that will be realized by available resources (b) and a cost emerges during this assignment. It is aimed here to use each resource in a task, and to achieve a solution method including an algorithm that will ensure that the cost is minimized in a controlled manner while performing this. Alternative solution methods have been reached by developing the simplex algorithm logic and these approaches have been used in solving problems in many different areas. It has been seen that in some of these alternative methods, the duration of the operation is shortened and in also some of them, more advanced problems are dealt with. The fact that Tjalling C. Koopmans and Martin Beckmann used linear programming models to explain the role and importance of assignment problems in economic activities can be given as an example for using simplex algorithm logic in different areas and achieving alternative solutions. In this study, two problems involving economic activities were discussed, and it was observed that economic results could be obtained by assigning not only divisible resources but also non-divisible resources [5] .
The most commonly used solution method for assignment problems is the Hungarian Method which tries to reach the solution with the method of obtaining reduced matrices at each step by transforming the problem information into 0-1 matrix. The Hungarian Method was introduced by Khun in 1955. In the light of the knowledge he obtained while reading Konig's book on the theory of graphics and after his research on the subject, Khun found the Hungarian Solution Method [4] .
Although the assignment problems are a type of transportation problems, it is encountered as a method that is widely used in the field of production and that is especially used frequently in operator and machine assignments. In 2017, Aicha Ferjani and her colleagues studied on an assignment problem in which many changes in the production sector, particularly changes in customer demands, were made to keep the system dynamic. With systems sensitive to changes, operators and machine assignments should be performable. Changes that occur affect the time of the mainstream while the assignment is made; one of these changes that affect the time of the mainstream is also the fatigue that occurs in the operators. Operators can spend more time than expected in their assigned tasks due to fatigue. In the study, in which the effect of the fatigue on the task duration was investigated, an intuitive analysis method with multiple criteria was used and a more dynamic machine operator assignment was attempted to perform. The results of Ferjani et al. showed that fatigue had an effect on the mainstream time and that the intuitive approach gave better results [6] . In the study which was carried out by Stefanie Brilon in 2010 and which was about assigning of the tasks requiring different skills to the operators whose skill levels were unknown, it was focused primarily on the performance of the operators for the task assignments to be done. The mathematical model for assigned workers was established. In the first case, the employer may assign any worker to any task that he deems appropriate. In the second case, there are workers coming from outside to the company. According to the workers coming from outside and considering the performances of the existing workers, the assignment was made by the employer. Based on Peter's principle and taking into account the characteristics of the task, the model was created by assigning the certain workers to certain tasks [7] . In the study of Moreira and Costa conducted in 2009, it was observed that the assignment problem is an area in which meta-heuristic algorithms were developed based on linear programming and better solutions could be reached [8] . By using the tabu algorithm, which was developed using meta-heuristic algorithm, an assembly line balancing study was performed in the assignment problem. In the addressed problem, operators with disabilities were used due to the fact that social awareness of the welfare of people with disabilities was also effective, and the solution of the problem of the completion of the task at different times due to the operators assigned to the task was discussed. In the design of tabu search algorithm developed to solve these problems, it was aimed to develop an algorithm that would make assignments as simple, flexible, accurate and fast as possible. In the established mathematical model, assignments were made taking into account task priority order and takt times in business centers (aiming to minimize). It is argued that in the tabu algorithm, an established mathematical model should be simple and flexible as well as fast and providing the correct solution. The tabu algorithm was run on the problem a large number of times and it was observed that better results were obtained [8] . In their study, in a firm making cellular production, Li and colleagues [9] developed a mathematical model that took into account the variable and fixed labor cost and assigned the operators to cells by minimizing the total cost. They calculated the total production costs based on costs varying depending on different capabilities. The competencies of the operators were determined according to the 3-sigma rule by using Gaussian distribution method and by taking into account the production efficiency that the operators obtained during the time they used the machines that they could use. Then, a technical value of the competence of each operator was created according to this method. When the results were interpreted in terms of variable and fixed labor costs, it was observed that the total cost decreased as the competencies of the staff and the number of working staff with high competency increased [9] . There are many criteria for assignment problems in production systems. In the study conducted by Achraf Ammar and his colleagues in 2013 [10] , first, important features of Assignment Problems in production systems were discussed. Then, analysis was carried out by taking into consideration the other characteristics which could be evaluated as criteria and which revealed the type of problem. These characteristics were flexibility of employees, number of station, movement of labor, nature of the problem (static or dynamic assignment), human thinking (e.g., learning and forgetting effects), system type (e.g., U-shaped systems and cellular organizations), and different methods used to solve the problems (e.g., mathematical approaches, simulation, multi-criteria decision making, fuzzy logic, and methods containing a combination of these approaches). There were significant findings in the analysis results. In relation to the approaches used for dynamic operator assignments, it was remarked that although neural network simulation metamodels had been widely used in some approaches such as multiple approaches and learning methods, studies had not yet become prevalent as widely as desired, but they had an important potential [10] . Another method that has recently started to be used in assignment problems is artificial-intelligence genetic-algorithm, which is well-known and become widespread today. The study of Shaikh Nizami et al. [11] can be shown as an example for this. In this study, it is generally mentioned that the assignment problems solved by Hungarian Method can be solved by the genetic algorithm and this method is a faster and more effective tool. While using the method, the algorithm/matrix is created by using some genetic terms (e.g., genotype, chromosome, crossbreeding, selection, multiplication, mutation, etc.). By coding the objective function and constraints according to this algorithm, sequential operations are performed, and the solution is achieved [11] . In another assignment problem in which the genetic algorithm was used, a problem in which an operator could be assigned to more than one task, task-scheduling and operatorplacement constraints were available, and circumstances including operator capacity constraints changed daily costs to perform tasks were dealt with [12] . In another study, the topic was the assignment model developed by Cesani and Steudel in 2005 to demonstrate the labor flexibility (based on the principles of labor sharing and labor balancing) characterized by the mobility of the operator working within the cell in cellular production systems. In this study, the focus was to investigate the effect of different work distribution strategies (For example; when only one operator is responsible for one machine or group, or when more than one operator are responsible for one machine or a group of machines) on system performance. The results of the experiment showed that the balance of workload assigned to individual operators and the level of work load shared between operators were important factors in determining the performance of the system [13] . In the study of Heimerl and Kolisch [14] , assigning of multi-faceted operators to the tasks according to the knowledge/skill, loss in value and company's ability level objectives was discussed and by the established model (limited nonlinear continuous optimization model), it was attempted to reach the strategy that could be. When the performed assignments and the learning curves based on these were examined, it was concluded that faster learning made the human resources more specialized and this also led the company to have a wider quality [14] . In the study carried out by Bryan and his colleagues, the model of assigning operators to production areas was established to take into account both human and technical characteristics and their effects on system performance.
Test results showed that this model offered better task assignments than employees who only consider technical capabilities. Therefore, it supports the topic that companies allocate more space on human element in the design of production systems. [15] .
In our study, the area to be examined among the assignment models is an assignment problem with different levels of labor force in production lines. A product (Damper Trailer) that came out of a welding line whose assignment model was determined in the Automotive Sector was studied. The model includes tasks done at different levels of labor force. The durations of the tasks vary according to the competence of the operators who do the tasks.
There are many important constraints that affect the objective function in assignment problems. A problem with important parameters or constraints for the automotive sector, such as the presence of different levels of labour force, the inability to assign each labor force to each task, presence of the minimum level of competence required for the operators to be employed in order to assign the operator (factors inherent in the resource process are also effective in determining competencies.), changing the time of the task done according to competence and turning this time into cost was addressed.
Two models were established using Linear Programming in order to complete the product as soon as possible and to minimize labor costs with the correct assignments when assigning labor force in production lines or products, which required different levels of labor force in the automotive sector. In the first mathematical model, it was aimed to ensure the cost minimization in the lines that had certain cycle time (takt) by assigning the operators at different levels of labour force taking in to account the level required by the task. On the other hand, in the second model, the cycle time (time) was unclear; while making cost minimization, making also line balancing was aimed by this second model in which operators at different labor force levels were assigned to the level required by the task and operators who minimized the time difference between assignments and had maximum time to do the task defined the cycle time (takt). The differences between these two models will be interpreted.
Data Analysis and Mathematical Modeling
In the trailer welding line where the model will be installed for the damper trailer product, there are a total of 27 operators who could work throughout the factory. The competence of these operators are different from each other. For 8 different technical features to be sought in a person who would work on the trailer welding line where all trailer vehicle variants were produced, the competency table of the persons was formed. These technical features are: making manufacturing and welding by reading technical drawings, making MAG welding, making longitudinal girder spot and its welding, making longitudinal girder completion welding, making cold straightening, making positioner spot and its welding, making the final completion welding and making flame straightening. While these technical features were examined according to the operators, 4 level of competence was determined. The specified levels of competence are displayed visually in a circle and each quarter of the circle is described as a level of competence. He has on-the-job training (can work with supervision).
2.Level (2L)
He can work alone only at that station.
3.Level (3L)
He can work alone at all stations.
4.Level (4L)
This level is the instructor level.
The operators whose competency levels were determined according to their technical features are shown in the competency table as follows. For the production of damper trailer, there are 5 stations on the Trailer Welding Line and 14 different tasks are being done in total; therefore, 14 labour force is needed. The levels of the needed labor force must be determined according to the needs of the task to be done. The following table provides information about which station and level of competency the 8 technical features in the competency table should be located at. When Table 3 and Table 2 are redesigned according to the requirements of the tasks assigned, the following table showing for which station and at which level operators have the labor force emerges. This is one of the tables that will be the basis for modeling the problem.
While time-study activities for Damper trailer product were carried out, for 14 different tasks at 5 stations, data sets were created by taking the time-study of the operator at each level. 
operators
The distribution of tasks and operators to be assigned at stations is as follows. Table 4 shows the distribution of tasks to be assigned according to stations and the minimum level of competence required. All operators at different competency levels worked in 14 tasks, and a data set was created with the obtained time studies. The following table was created between the tasks and competency levels taking into account the averages obtained from this data set. The data in the table will be accepted as standard in mathematical modeling to be created.
When we match the information in Table 6 and Table  4 , we can obtain the following dataset. The created data set will be used effectively in the modeling of the problem. The information in Table 6 , which were created by determining according to competency level (1, 2, 3, 4 th level) of the observations taken from each operators for each task without assignment criteria, consists of standardized durations according to the level at which the operator is located at the relevant station.
The writing of the model was realized by using the tables created as a result of the analyses carried out on the data collected. The following general information related to the factory was used in the model as data. Since damper trailer is a vehicle produced in mass production, the company aims to minimize takt time by minimizing labor unit cost. However, there are some constraints in the production. Some of these constraints are that the requirements of the task are different, the competence levels of the operators are different, and there is the inability to appoint the right person to the right task. In addition, even if the person with the right competency is assigned to the task, the time to perform the task varies according to the capacity he/she has; this time period should not exceed the time of the takt. Time studies of operators at all levels were taken for the same task. When the time studies taken from the same person for the same task were examined, it was observed that the person did the task at different times in each cycle. Therefore, for the task realization duration, a standard minimum and maximum period of time was determined among the operators who were at the same task and at the same level. While mathematical models were established, the models were written by taking the highest of these durations. This is because operators always have the possibility of completing the task at the highest time. For this reason, in order to establish the model with the correct data, modeling was performed on GAMS 23.5 program by using the maximum task completion times.
Model 1: There is a Specific Cycle (Takt) Time
Notations used in the model; Xijk: decision variable that takes 1 if k operator is assigned to j task at i station, otherwise takes 0 Tijk: task completion time of k operator at i station for j task Cw: 1-minute labor fee CSi: Cycle time of i station Di: decision variable that takes 1 if i operator is assigned to the 1 st station, otherwise takes 0 Ei: decision variable that takes 1 if i operator is assigned to the 2 nd station, otherwise takes 0 Fi: decision variable that takes 1 if i operator is assigned to the 3 rd station, otherwise takes 0 Gi: decision variable that takes 1 if i operator is assigned to the 4 th station, otherwise takes 0 Hi: decision variable that takes 1 if i operator is assigned to the 5 th station, otherwise takes 0 Objective function and constraints of the model;
It was aimed that the objective function would sum and minimize the multiplications of unit labor fee and task completion time of k operator when k operator was assigned to i station for j task. 
1 st Constraint: it is added because it is required to assign one of the operators to j task at i station (if the assignment is not made, the task cannot be performed, even the product cannot be produced, and the missing operation is seen.)
2 nd Constraint: It is added so that task completion time of k operator assigned to j task at i station does not pass the cycle time (takt)
3 rd Constraint: Because k operator who has appropriate competency must be assigned to j task at i station, it is added so that assignments of the operators who have appropriate competencies are performed by established equations.
For example, if one of the 1, 2, 3, 5, 9 or 17 th operators from the competency cluster must be assigned to the 1 st task at the 1 st station; 111 + 112 + 113 + 115 + 119 + 1117 = 1 (4) The same formulization is also applied for other tasks. 
5 th Constraint: if k operator is assigned to i station, the other tasks in i station can be also assigned to him/her (In other words, each operator can take more than one task at the station assigned within the takt time.) For example; in order to assign all the tasks in the 1 st station to the 1 st operator; 111 ≤ 11 121 ≤ 11 131 ≤ 11 (6) .
The formulization should be also repeated for other stations and operators.
According to the solution report (Appendix-1) for the mathematical model written in GAMS 23.5, the cycle time value was found as 145 minutes. Assignments made in the Gams program are transferred to the table as follows; task completion time of a operator who assigned that task (Tijk) and the cost value comprised of paid fee for that task (Tijk x Cw) are shown in the table. Because the task with the longest work time (1st station and 1st task) takes 145 min, although the duration of the other tasks are shorter, there will be waiting in other tasks until the end of the 145-minute task; in other words, it is the task that constitutes the bottleneck of the line. For this reason, even if all operators work under 145 min, their labor costs are paid as if they worked for 145 min and while the direct labor cost of the vehicle is loaded, 145-minute work time is taken into account. 
Model 2: The cycle (Takt) Time is Uncertain
The notations used in the model; Sij: sum of the duration of the tasks assigned to the j operator at i station Ji: {cluster of the operators who will work at i station} Ci: Max {Siji} cycle time of i station Xijk: decision variable that takes 1 if k operator is assigned to j task at i station, otherwise takes 0 Tijk: task completion time of k operator at i station for j task Cw: 1-minute labor fee Di: decision variable that takes 1 if i operator is assigned to the 1 st station, otherwise takes 0 Ei: decision variable that takes 1 if i operator is assigned to the 2 nd station, otherwise takes 0 Fi: decision variable that takes 1 if i operator is assigned to the 3 rd station, otherwise takes 0 Gi: decision variable that takes 1 if i operator is assigned to the 4 th station, otherwise takes 0 Hi: decision variable that takes 1 if i operator is assigned to the 5 th station, otherwise takes 0
Objective function and constraints of the model;
The objective function was added such a way to minimize the cycle time difference between the stations. 
2 nd Constraint: It was added because k operator whose competency level was appropriate must be assigned to j task at i station. For example, if one of the 1, 2, 3, 5, 9 or 17 th operators from the competency cluster must be assigned to the 1 st task at the 1 st station; 111 + 112 + 113 + 115 + 119 + 1117 = 1 (9) The same formulization is also applied for other tasks. 3 rd Constraint: Since the tasks are performed simultaneously, k operator should not be assigned to more than one task at the same time; therefore, it was added. 
According to the solution report (Apendix-2) for the mathematical model written in GAMS 23.5, the cycle time value was found as 140 minutes. Examining the model solution results, it is seen that Xijk, which is the 0-1 decision variable, takes approximate values. In the solution, operators' assignments whose approximate values are close to 1 should be accepted as 1 and operators should be assigned to the tasks in stations. The following assignments show operators assigned to the Xijk decision variable for the solution of the problem. Assignments made in the Gams program were transferred to the table as follows; the assignment values of the decision variables, the total task time assigned to the operator (Sij), and the station cycle time (Ci), which takes the maximum value of the (Sij)s assigned to the station are shown on the table. Because the task with the longest work time (4 th station and 1st and 2 nd tasks) takes 140 min, although the duration of the other tasks are shorter, there will be waiting in other tasks until the end of the 140-minute task; in other words, it is the task that constitutes the bottleneck of the line. For this reason, even if all operators work under 140 min, their labor costs are paid as if they worked for 140 min and while the direct labor cost of the vehicle is loaded, 140-minute work time is taken into account. When the assignments carried out in the models are examined, it is seen that 8 of 14 tasks are assigned to the same operator in both models. In the other 6 assignments, since the models have different objective functions, it is seen that the assignments are also different.
When we compared Table 1 and Table 2 as the financial status and capacity status of the results of the assignments made within the reference range of Model-1 & Model-2;
• Considering the actual unit costs, it was seen that an 8.4 euro gain was ensured during a Takt period and Model 2 provided a 3.45% reduction in the cost per vehicle. • It was observed that vehicle production capacity in Model 2 increased by 13% in shift. • It was also determined that due to the 5-minute cycle time difference between Model 1 and Model 2, Model 2 made a profit of € 7392 in 2 years; this profit corresponds to the production cost of 31 vehicles per year.
Sensitivity Analysis
All results from Model-1 and model-2 comparisons show that model-2 achieves more efficient results. Therefore, the sensitivity analysis will be written through Model-2. The writing and solutions of the models will be done through the GAMS program and the results will be 
Comparison of the Model 1 and Model 2 Results
compared. Information about new models to be created for sensitivity analysis;
• In the new Model-2.1, the number of operators (human resource) will be increased from 27 operators to 35 operators, the number of stations will be increased from 5 stations to 6 stations, and due to the addition of the 6 th station, the number of tasks will increase to 16. Therefore, the number of operators required to be assigned will also be 16. • In the new Model-2.2, the number of operators (human resource) will be increased from 35 operators to 40 operators, the number of stations will be increased from 6 stations to 8 stations, and due to the addition of the 7 th and 8 th stations, the number of tasks will increase to 20. Therefore, the number of operators required to be assigned will also be 20. • In the new Model-2.3, the number of operators (human resource) will be increased from 40 operators to 50 operators, the number of stations will be increased from 8 stations to 10 stations, and due to the addition of the 9 th and 10 th stations, the number of tasks will increase to 25. Therefore, the number of operators required to be assigned will also be 25.
Sensitivity Analysis 1 (New Model 2.1)
The new model (Model 2.1) constituting the 1 st step of the sensitivity analysis will be established by being expended according to 6 th station to which the objective function and constraints of Model 2 will be added, 2 tasks connected to this station and the new 8 operators added to 27 operators. A total of 16 operators will be required for 16 tasks. In addition to Table 3 , technical requirement for manufacturing and welding by reading technical drawings at a minimum 2 nd level and technical requirement for MAG welding at a minimum 2 nd level are required at the 6 th station. In addition to Table 6 , Table 12 was obtained for 6 th station. See also Apandix-3 for the competencies of new operators added.
Examining the model solution results, it is seen that Xijk, which is the 0-1 decision variable, takes approximate values. In the solution, operators' assignments whose approximate values are 0.5 and above should be accepted as 1 and operators should be assigned to the tasks in the stations. The following assignments show operators assigned to the Xijk decision variable for the solution of the problem. Assignments made in the Gams program were transferred to the table as follows; the assignment values of the decision variables, the total task time assigned to the operator (Sij), and the station cycle time (Ci), which takes the maximum value of the (Sij)s assigned to the station are shown on the table. Because the task with the longest work time (4 th station 2 nd task) takes 140 min, although the duration of the other tasks are shorter, there will be waiting in other tasks until the end of the 140-minute task; in other words, it is the task that constitutes the bottleneck of the line. For this reason, even if all operators work under 140 min, their labor costs are paid as if they worked for 140 min and while the direct labor cost of the vehicle is loaded, 140-minute work time is taken into account. Despite the same cycle time as Model-2 (140 min), the Actual Unit Cost and the Annual Production Cost increased because 2 operators worked more. However, since the cycle time was not changed, the capacity also was not changed.
Sensitivity Analysis 2 (New Model 2.2)
The new model (Model 2.2) constituting the 2 nd step of the sensitivity analysis will be established by being expended according to the 7 th and 8 th stations to which the objective function and constraints of Model 2.1 will be added, 4 tasks connected to these stations and the new 5 operators added to 35 operators. There will be a total of 20 tasks and 20 operators will be required. In addition to Table 3 , technical requirement for making cold straightening at a minimum 2 nd level at the 7 th station and technical requirement for making the final completion welding at a minimum 2 nd level at the 8 th station are required. In addition to Table 6 , Table 15 was obtained for the 7 th and 8 th stations. See also Apandix-4 for the competencies of new operators added. According to the solution report belonging to the mathematical new model written in gams, the objective function value was found as 130 minutes. When the model solution results are examined, it is seen that contrary to Model-2 and Model-2.1, Xijk, which is the 0-1 decision variable, do not take approximate values, but takes exact values as desired. Operators added to the system in Model-2.2 were selected as fully competent for all stations and tasks (4 th level). Therefore, looking at the model result, it is seen that since there were a sufficient number of operators suitable for the desired competencies of the tasks, a full-value assignment was done. Assignments made in the Gams program were transferred to the table as follows.
Since the task with the longest work time (the 4 th task at the 2 nd stations and the 1 st task at the 3 rd station) takes 130 min, although the duration of the other tasks are shorter, there will be waiting in other tasks until the end of the 130-minute task; in other words, it is the task that constitutes the bottleneck of the line. For this reason, even if all operators work under 130 min, their labor costs are paid as if they worked for 130 min and while the direct labor cost of the vehicle is loaded, 130-minute work time is taken into account. Though the cycle time decreased to 130 minutes compared to Model-2, the Actual Unit Cost and the Annual Production Cost showed a decreasing increase because 6 operators worked more. Moreover, since the cycle time decreased, the production capacity increased.
Sensitivity Analysis 3 (New Model 2.3)
The new model (Model 2.3) constituting the 3 rd step of the sensitivity analysis will be established by being expended according to the 9 th and 10 th stations to which the objective function and constraints of Model 2.3 will be added, 5 tasks connected to these stations and the new 10 operators added to 40 operators. There will be a total of 25 tasks and 25 operators will be required. In addition to Table 3 , technical requirement for making positioner spot and its welding at a minimum 3 rd level at the 9 th station and technical requirement for making MAG welding at a minimum 3 rd level at the 10 th station are required. In addition to Table 6 , Table 18 was obtained for the 9 th and 10 th stations. See also Apandix-5 for the competencies of new operators added. According to the solution report belonging to the mathematical new model written in gams 23.5, the objective function value was found as 130 minutes. When the model solution results are examined, it is seen that contrary to Model-2 and Model-2.1, Xijk, which is the 0-1 decision variable, do not take approximate values, but takes exact values as desired and in a similar way with Model 2.2. Operators added to the system in Model-2.3 were selected as fully competent for all stations and tasks (4 th level). Therefore, looking at the model result, it is seen that since there were a sufficient number of operators suitable for the desired competencies of the tasks, a full-value assignment was done. Assignments made in the Gams program were transferred to the table as follows; the assignment values of the decision variables, the total task time assigned to the operator (Sij), and the station cycle time (Ci), which takes the maximum value of the (Sij)s assigned to the station are shown on the table. Since the task with the longest work time (the 4 th task at the 2 nd stations and the 1 st task at the 3 rd station) takes 130 min, although the duration of the other tasks are shorter, there will be waiting in other tasks until the end of the 130-minute task; in other words, it is the task that constitutes the bottleneck of the line. For this reason, even if all operators work under 130 min, their labor costs are paid as if they worked for 130 min and while the direct labor cost of the vehicle is loaded, 130-minute work time is taken into account.
Though the cycle time decreased to 130 minutes compared to Model-2, the Actual Unit Cost and the Annual Production Cost showed a decreasing increase because 11 more workers worked. Moreover, since the cycle time decreased, the production capacity increased. As seen in the assignments of Sensitivity Analysis 3 Model -2.3 Version 2, when it was assumed that an improvement was made on the 130-minute "4 th task at the 2 nd station" and "1 st task at the 3 rd station" and when it was accepted that this time was reduced from 130 minutes to 110 minutes, as a result of the assignments, the model was able to be reduced only to 125 minute cycle time due to other works that had effects on cycle time. When the model was run, it was said that the task or tasks (that is, operations) that affect the cycle time pointed out to the points creating the bottleneck and this indicated that an enterprise needed to be improved in which product, which station, and which task of the relevant station. Looking at the assignments of the Sensitivity Analysis 3 Model-2.3 version 2, they indicate that the new improvement points are "the 2 nd task at the 3 rd stations", "the 1 st task at the 4 th station" and the "2 nd task at the 4 th Station". These operations also should be improved by making new kaizens, pre-post measurements should be done and continuous improvement cycle should be established by running the model according to new data at each time. 
Model-2.3 Version 2 Summary

Results and Recommendations on Cycle Time, Number of Operators and Unit Cost
Results and Recommendations on Annual Production Capacity and Annual Production Cost
The annual production capacities and the annual production costs obtained in the established models are summarized in the charts below. perform the production during this cycle, and the production cost per vehicle when the constraints of the models are ensured.
The following chart summarizes the cycle time of the established models, the number of operators needed to In the Sensitivity Analysis Model 2.3 Version 2, when the model was run according to the assumption that improvement was done in the operation, the capacity of the company increased to the capability of producing 1020 vehicles per year because the cycle time was reduced from 130 to 125 minutes. 4% capacity increase was observed here. A 5-minute improvement in the cycle time created an opportunity to produce 39 more vehicles in a year and 4% capacity improvement was achieved. Even if this result is based on the assumption, it reveals the ability of the model to determine the continuous improvement needs and also shows the consequences of this. 
Conclusions
In the models, the annual production costs that the enterprise must bear in line with its annual production are as shown in the chart. By adding the fixed expenses and the vehicle sales figures in the annual budget to these analyses as data and by taking the variable costs from the annual production cost according to the data of the model, the break-even analysis of the enterprise can be achieved, and by combining it with the results of the model, it can be contributed to the strategic planning and projects of the enterprise.
